We determined the value of a new serological assay detecting Toxoplasma-specific immunoglobulin M (IgM) and IgA antibodies at birth for use in mass neonatal screening. The incidence of congenital infection in newborns was compared with data from an epidemiological investigation on the seroprevalence of Toxoplasma in the studied population. Peripheral blood was collected on Guthrie cards during the first 3 days of life and tested for anti-Toxoplasma IgA and IgM using a noncommercial immunocapture enzyme-linked immunosorbent assay (ELISA). When the screening assay was positive, serum samples from the child and the mother were collected for use in Western blotting comparative immunological profile analysis and traditional serological tests for determination of specific IgG, IgM, and IgA antibodies. From December 1998 to April 2000, 17,653 filter paper samples from live-born neonates were successively screened. Congenital T. gondii infection was finally confirmed in 19 newborns. In traditional assays, 13 of 19 infants were IgM and IgA positive using filter paper eluates at birth, 1 child was positive only for IgM, 1 patient was positive for IgM and borderline for IgA, 1 had an equivocal level of IgA, and 3 cases were confirmed only by the Western blot assay. The prevalence of Toxoplasma-specific IgA and/or IgM in filter paper samples at birth was 1 per 929 live-born neonates (1.08/ 1,000) or about 1 per 523 children (1.9/1,000) born to nonimmune women with a potential risk of primary T. gondii infection during pregnancy, compared to the actual seropositivity rate of 43.7%. The diagnostic sensitivity of the combined IgA-IgM ELISA using neonatal filter paper specimens was not more than 95%, the positive predictive value of the test was 82.6%, and the diagnostic specificity was calculated to be 99.9%. The combined IgA-IgM ELISA is a valuable method for the diagnosis of congenital toxoplasmosis at birth and fulfills criteria for neonatal screening programs. The method showed a good diagnostic sensitivity in neonates untreated prenatally who were born in an area of high seroprevalence of T. gondii infection.
The clinical pattern of congenital Toxoplasma infection varies from an asymptomatic presentation to a clinical disease of the fetus or newborn with a risk of late development of new complications until adolescence and early adult life (3, 13, 25) . Psychomotor retardation and secondary eye lesions, leading to severe vision impairment, may pose significant health problems in young people during the developmental period, and this requires consideration of the application of large-scale prophylactic measures.
The strategic approach for preventing congenital toxoplasmosis is strictly related to the incidence of primary infection during pregnancy in a given area, resulting from the absence of specific antibodies in women in the childbearing age group. The potential risk of maternal infection throughout pregnancy can be estimated by the increase in the prevalence of seropositivity in the female population of reproductive age over a 9-month period (18) . Serological surveillance of nonimmune pregnant women at risk is widely practiced in France and Austria. Since a systematic nationwide screening during pregnancy followed by prenatal diagnosis has not been accepted by the National Health Services in Poland and since the seropositivity curve during the childbearing years is stable in Polish women (20, 21) , we decided to develop a pilot study of neonatal screening for congenital toxoplasmosis. In the pilot screening program, an analysis of Toxoplasma-specific immunoglobulin M (IgM) antibody eluted from filter papers collected at birth showed that 1 per 2,117 live-born children (0.47/ 1,000) was infected (19) . Since December 1998, the program was extended by the combined detection of IgA and IgM antibodies using a single assay procedure. The aim of the present study was to estimate the benefit of the combined IgA-IgM assay adapted for mass neonatal screening to provide more data on the prevalence of congenital Toxoplasma gondii infection on live-born babies in Poland.
MATERIALS AND METHODS

Study population.
Neonates born in the obstetric clinics of the University Hospital of Gynaecology and Obstetrics in Poznań and in maternity wards of the nine main district hospitals from the Grand Poland Province (about 12,000 births per year) were systematically screened for congenital T. gondii infection. Peripheral blood absorbed onto separate Guthrie cards (catalog no. 10321395; Schleicher and Schuell, Dassel, Germany) was collected on the first to third days of life and kept at 4°C before being delivered to the laboratory by ordinary mail twice a week.
Between December 1998 and April 2000, 17,653 filter paper samples from successively born infants were tested. This number is equivalent to approximately 90% of live-born neonates and 88% of the total number of births from the study area during this time period.
The study was approved by the Karol Marcinkowski University of Medical Sciences Ethical Council (Poznań, Poland).
Combined neonatal screening assay. Toxoplasma-specific IgA and IgM antibodies were analyzed in filter paper eluates by a combined immunocapture enzyme-linked immunosorbent assay (ELISA). The technique was adapted for joint detection of IgA and IgM using a single determination.
Polystyrene microwells (Kartell, Noviglio, Italy) were coated with 5.3 g of rabbit anti-human IgM (catalog no. A0425; DAKO, Glostrup, Denmark) per ml in 50 mM carbonate-bicarbonate buffer (pH 9.6) and incubated overnight at 4°C. After being washed with phosphate-buffered saline (PBS)-Tween 20 (pH 7.4), the microwells were coated a second time with a 4.4-g/ml concentration of rabbit anti-human IgA antibody directed against ␣ chains (catalog no. A0262; DAKO) and then incubated for another 4 h at 37°C. The 3.2-mm-diameter filter paper spots saturated with dried blood specimens were punched into precoated microtiter plates and eluted with 100 l of 1% bovine serum albumin-PBSTween 20 per well on a Kline agitator (Jouan, Saint-Herblain, France) for 90 min at room temperature. After removal of the discs, bound T. gondii-specific IgM and/or IgA antibodies were reacted with T. gondii Tx12 antigen from in vitro culture. Bound Tx12 was visualized with monoclonal anti-SAG1 antibody (S13); the next step with rabbit anti-mouse immunoglobulin conjugate was unchanged from that of the procedure for the IgM screening ELISA (14) .
The positive control came from a patient with high anti-Toxoplasma IgA and IgM levels. The cutoff value was calculated as the mean optical density (OD) plus three standard deviations for 276 filter paper spots from newborns known to be Toxoplasma negative by the reference direct agglutination assay (Toxo-Screen DA; bioMérieux, Marcy-l'Etoile, France) and the noncommercial IgM ELISA screening test (19) . For 95 serum samples from patients who were IgM and/or IgA positive in commercial assays (PLATELIA TOXO IgM or IgA; Sanofi Diagnostics Pasteur, Marnes la Coquette, France), the OD values ranged from 0.302 to 2.244 (mean Ϯ standard deviation, 0.726 Ϯ 0.488). One hundred twentyeight samples from patients suffering from other parasitic diseases (echinococcosis, 27 cases) or infectious diseases (borreliosis, 4 cases; cytomegalovirus infection, 74 cases; and Chlamydia pneumoniae infection, 23 cases) and IgM negative by the PLATELIA TOXO assay (Sanofi Diagnostics Pasteur) were evaluated to determine the test specificity.
Confirmation of congenital toxoplasmosis. When the screening result was positive, the filter paper sample was retested twice and then additionally analyzed for Toxoplasma-specific IgM, IgA, and IgG antibodies using commercial assays (PLATELIA TOXO IgM, IgA, and IgG; Sanofi Diagnostics Pasteur). Filter paper spots were placed overnight at 4°C in a dilution of 1:100, and the eluates were then analyzed according to the manufacturer's procedure.
Toxoplasma infection was confirmed by testing serum samples from children with suspected infection and their mothers by conventional serology (ELISA; Sanofi Diagnostics Pasteur) and the IgG-IgM Western blot comparative immunological profile analysis (LDBIO Diagnostics, Lyon, France) after the second week of life. Congenital infection was defined by the presence of specific IgM and/or IgA antibodies in the infant's peripheral blood and by the detection of actively synthesized IgG antibody of an antigenic specificity different from that of the mother as shown by immunoblotting. The follow-up sera were tested 4 weeks after the primary confirmatory analysis and then every 2 months during the first year of life and every 4 months after treatment was stopped, together with pediatric, ophthalmic, and imaging examinations. Serum samples from the infants were tested for IgM and IgA at a dilution of 1:20.
Analysis of Toxoplasma seropositivity. Maternal IgG is transferred to the fetus, and the seroprevalence of Toxoplasma-specific IgG antibodies in children born in 1998 to 2000 was therefore regarded as equivalent to the seroprevalence in the pregnant women. In total, 2,684 filter papers for newborns were analyzed: 905 samples from consecutive births in October 1998, 864 specimens from children born in August 1999, and the 915 samples collected in March 2000. Anti-Toxoplasma antibodies were measured by the direct agglutination assay (bioMérieux), which is positive from 4 IU/ml. Briefly, three filter paper discs of 3.2 mm in diameter were eluted overnight at 4°C in PBS and transferred to a new roundbottomed microtiter plate. Fifty microliters of Toxoplasma antigen suspension in borate albumin-buffered saline (pH 8.95) was applied to each well, and the reaction was read after 5 h of incubation at room temperature.
RESULTS
During 17 months of the study period, 17,653 Guthrie cards from live-born neonates were successively tested, and congenital T. gondii infection diagnosed by serological screening alone was confirmed in 19 newborns (11 males and 8 females; all single births). The cutoff OD value was calculated to be 0.205, and the OD values of the 19 IgA-and/or IgM-positive filter paper spots ranged from 0.322 to 0.830, with a mean of 0.554. Only 16 of the 19 infants (84.2%) were IgM and/or IgA positive or borderline at birth in the commercial PLATELIA IgM and/or IgA assay (Table 1) .
Serum samples from children suspected of having congenital toxoplasmosis and from their mothers were available from blood collected 12 to 47 days after birth (mean, 24 days) for a confirmatory analysis. Twelve follow-up sera from infants were positive for IgA and IgM (63.2%), three serum samples were positive for IgM (15.8%), and one serum was only IgA positive. Three infants who were IgM and IgA negative after the second week of life when retested were finally confirmed by the detection of neoantibodies in the Western blot assay (Fig. 1) . The two of them with the longest observation times had a persistently positive IgG beyond 1 year of age.
Fifteen of 19 mothers of the infected infants were IgM and IgA positive (78.9%) and 4 women were only IgM positive in the postpartum period. In nine of them (47.4%), a significant rise in the titer of specific IgG was observed between two examinations at 4-week intervals.
During the study period, we identified one premature infant (patient 20) who was IgA and IgM negative at birth and whose mother had seroconverted and was treated during pregnancy. The child began to synthesize IgM of an antigenic specificity different from that of her mother at 28 days of life as shown by the Western blotting. Two other infected newborns, whose blood samples were not collected for the screening assay, were also found. One was asymptomatic, but testing was requested by the mother and a high titer of specific IgG was found at 12 months; the other child died at 7 weeks of age from multiorgan failure presumably due to the Toxoplasma infection and was found to have neosynthesized IgG and IgM.
Four false-positive cases with low levels of IgM or IgA in the filter paper assay were found. Two of these infants were delivered by caesarean section, and the false-positive results were probably due to contamination with maternal blood by IgM or IgA (one case of each), as the mothers had Toxoplasma-specific IgM and IgA antibodies, respectively. The two remaining children had naturally occurring IgM antibodies, and they were born to IgG-negative mothers (23) . No cross-reactivity with samples from other infectious diseases was observed, particularly in any patients IgM positive for cytomegalovirus.
The positive predictive value of the assay was 82.6%. The prevalence of Toxoplasma-specific IgA and/or IgM in filter paper specimens at birth was 1 per 929 live-born infants (1.08/1,000). The diagnostic sensitivity of the combined IgAIgM ELISA was not more than 95%, the false-positive rate of the assay was 2.3 per 10,000 determinations (4 of 17,653), and the diagnostic specificity was calculated to be 99.9%. Including one infected infant with a delayed synthesis of IgM at 4 weeks of life, the prevalence of congenital toxoplasmosis in the Poznań region was at least 1 per 883 live births (1.13/1,000).
Twelve of the 20 infected infants were asymptomatic during the neonatal period or demonstrated only nonspecific signs of intrauterine infection (Table 2) . Clinical toxoplasmosis (mild or moderate) was observed in six newborns (30%), and two children had documented coexisting congenital cytomegalovirus infections. One infant developed a unilateral macular scar, and five patients had isolated asymmetry of the ventricular system or periventricular calcifications. During the mean follow-up period of 17 months (range, 10 to 25 months) and intensive antiparasitic chemotherapy, no clinical relapses occurred.
The results of the epidemiological investigation on Toxoplasma seropositivity in newborns and in pregnant women at delivery are presented in Table 3 . Altogether, 2,684 filter paper samples from live-born neonates were examined for Toxoplasma-specific IgG antibody at birth, or 2,656 gravidae with adjustment for the 28 multiple pregnancies (1.05%). The proportions of samples collected at maternity departments from inhabitants of urban (n ϭ 1,423) and rural (n ϭ 1,261) areas were comparable (1:1.1). The mean seropositivity rate of 43.7% (range, 41.5 to 45.6%) was the same for the newborns and pregnant women, and it declined slightly during the study period (P ϭ 0.06 [ 2 test]). Twin pregnancies were positive in 46.4% of the cases (13 of 28).
The Toxoplasma seroprevalence of 49.0% in women from rural areas was significantly higher than the seropositivity rate of 34.4% in urban areas (P Ͻ 0.00001 [ 2 test]). Similarly, the Poznań inhabitants were less frequently seropositive than people living in other localities (P Ͻ 0.00001
The prevalence of Toxoplasma-specific IgA and/or IgM in filter paper eluates at birth was about 1 per 523 deliveries of nonimmune mothers with a potential risk of primary T. gondii infection during pregnancy (1.9/1,000), and the total preva- lence of congenital toxoplasmosis was 1 per 497 susceptible women (2/1,000).
DISCUSSION
The 19 children with congenital toxoplasmosis reported in this study, identified solely by the regional screening program, gave the highest incidence found in present-day Europe when compared with other centers conducting a similar preventive program for newborns (10, 14, 15, 22) . The lack of clinical symptoms at birth in the majority of infected infants makes the diagnosis of congenital toxoplasmosis in newborns difficult if antenatal or neonatal screening is not conducted.
In the past, neonatal screening programs have used tests for Toxoplasma-specific IgM antibodies, but the sensitivity would be increased by concomitant analysis for IgA antibodies (22) . The regional New England program detects Toxoplasma-specific IgM in filter paper eluates at birth. Fifty of 635,000 neonates were diagnosed as being congenitally infected (1 of 10,000), although they appeared healthy on routine pediatric examination after birth (10) . In the Danish neonatal screening trial, combining an analysis of neonatal IgM with detection of maternal IgG seroconversion during pregnancy, the frequency of congenital toxoplasmosis was three times lower (1 of 3,000), with a proportion of symptomatic cases of only 15% (14) . Recently, Malm et al. identified three infected IgM-positive babies of about 41,000 examined at birth (15) .
Neonatal screening has not previously been proposed for use in areas with a high seroprevalence of Toxoplasma in women of procreative age. In Poland, the percentage of pregnancies at risk is significantly lower than in many other countries, where the seropositivity rate does not reach 40% (8, 11, 12, 14) . The prevalence of specific antibodies in the Polish population has declined significantly since the early 1990s, when 58.9% of pregnant women were infected with Toxoplasma before pregnancy (20) .
The diagnostic accuracy of Toxoplasma IgM and IgA assays in infants is a source of continuing discussion (1, 4, 5, 17) . A study by Lebech et al. (14) documented that neonatal screening based on detection of specific IgM alone is able to diagnose more than 75% of infected infants who have not received antenatal therapy. Naessens et al. (16) have found IgM antibody in neonatal blood in 85% of congenitally infected children born to untreated mothers but in only 25% of infants who were treated prenatally. Similarly, the sensitivities of diagnosing IgA in untreated and treated infants were 80 and 57%, respectively, although the impact of maternal-fetal treatment on the suppression of the newborn's immunological response has not been proven.
Couvreur (3) reported that specific IgM is not visualized by the reference immunosorbent agglutination assay in 30% of infants at birth but the discordance rises to 82% if the mothers received pyrimethamine-sulfadiazine therapy during pregnancy. A higher reliability of diagnosing specific IgM or IgA in an infant's peripheral blood was shown by Wallon et al. (24), with an increase in the overall diagnostic sensitivity when the immunoglobulins were jointly assessed. Compared with the previous IgM study, the significantly higher number of congenital infections diagnosed by this new serological screening was due to higher sensitivity of the combined IgA-IgM assay used. One immature infant identified by this method had only a weakly detectable level of specific IgA eluted from filter paper at birth. Some studies have reported that IgA is not useful in improving the sensitivity of a neonatal diagnosis (9); however, Lebech et al. (14) showed that testing newborns for Toxoplasma-specific IgA may identify an additional 5 to 10% of infected infants.
The test used in the New England Newborn Screening Program (10) showed a high false-positivity rate of 50% (50 of 100 IgM-positive infants were confirmed to be noninfected) compared to our 4 false-positive results of 17,653 examined samples.
The overall incidence of congenital toxoplasmosis of 1 to 2 per each 2,000 live births, or 250 to 500 infected infants per year, in this population seems to sufficiently justify the need for some nationwide preventive measures in Poland. So far, national screenings for the less frequently occurring phenylketonuria and congenital hypothyroidism are carried out only when followed by an elimination diet or substitution therapy of a doubtful efficiency (2, 7). Prenatal testing for pregnancies at risk of trisomy 18 or 21 (Edwards' or Down's syndrome) or central nervous system malformations is widely implemented by specialized centers in Poland (6) .
The best strategy for the prevention and control of congenital T. gondii infections is still unknown. We are encouraged by the combined IgA-IgM ELISA, which showed a good diagnostic sensitivity for a high-seroprevalence population of newborns and successfully fulfills the criteria for a diagnostic test to be used in a neonatal screening program.
